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EXCITATION-EMISSION MATRIX FLUORESCENCE SPECTROSCOPY APPLYED TO HUMIC ACIDS 
EXTRACTED FROM SPODIC HORIZONS FROM AMAZON FOREST
Abstract: 5HFHQWVWXGLHVKDYHVKRZQWKDWWKH$PD]RQUDLQIRUHVW6SRGRVROVKDYHFDUERQVWRUDJHFDSDFLW\EH\RQG
WKDW SURYLGHG LQ SUHYLRXV VWXGLHV DQG WKHUHIRUH UHVHDUFK KDV EHHQ GHYHORSHG WR XQGHUVWDQG WKH G\QDPLFV DQG
FKDUDFWHUL]H SK\VLFDO DQG FKHPLFDOO\ WKLV RUJDQLFPDWWHU WKDW DFFXPXODWHV LQ GHSWK7KHUHIRUH WKLV VWXG\ KDV
XVHGWKHFRPELQDWLRQRIWKHWHFKQLTXH([FLWDWLRQ(PLVVLRQ0DWUL[)OXRUHVFHQFH6SHFWURVFRS\((0ZLWKWKH
VWDWLVWLFDOWRRO3DUDOOHO)DFWRUV$QDO\VLV3$5$)$&LQRUGHUWRREWDLQLQIRUPDWLRQDERXWWKHHYROXWLRQSDWWHUQ
RIFKURPRSKRUHVDQGWKHFKHPLFDORULJLQRIWKHRIKXPLFDFLGVH[WUDFWHGIURPGLIIHUHQWGHSWKVIURPWKH%ODFN
5LYHUEDVLQ6SRGRVROV7KURXJKWKHDQDO\VLVRIFRPSRQHQWVDQGVFRUHVIRXQGIRUHDFKGHSWKLWZDVSRVVLEOHWR
GLIIHUHQWLDWHDPRQJWKHVXSHU¿FLDOLQWHUPHGLDWHDQGGHHSVDPSOHVUHJDUGLQJWRPLFURELDOGHJUDGDWLRQRIRUJDQLF
PDWWHUKXPL¿FDWLRQDQGUHGR[FRQGLWLRQV:HREVHUYHGWKDWPLFURELDODFWLYLW\LVSRVLWLYHO\UHODWHGWRKXPL¿FDWLRQ
DQGWKLVSURFHVVRFFXUVRQDODUJHUVFDOHLQGHSWKVRIWRPHWHUVIRUWKLVW\SHRIVRLO 
Keywords: H[FLWDWLRQHPLVVLRQ PDWUL[ ÀXRUHVFHQFH VSHFWURVFRS\ ((0 3$5$)$& VSRGRVRO $PD]RQ
UDLQIRUHVW
1. Introdução
2V(VSRGRVVRORVFRQKHFLGRVWDPEpPFRPRSRG]yLVRFRUUHPDPSODPHQWHHPUHJL}HV~PLGDVIULDVRX
HPUHJL}HVTXHQWHVWURSLFDLV~PLGDV/81'675g0HWDO(PDPERVRVFDVRVSRGHPVHUFDUDFWHUL]DGRV
SHORVVHJXLQWHVKRUL]RQWHVXPKRUL]RQWH$VXSHU¿FLDOFRPPDWHULDOYHJHWDOHPGHFRPSRVLomRXPKRUL]RQWH(
HOXYLDOIRUPDGRSULQFLSDOPHQWHSRUDUHLDTXDUW]RVDRXPLQHUDLVRULJLQDLVSRXFRLQWHPSHUL]DGRVHKRUL]RQWHV%
HVSyGLFRVHQULTXHFLGRVFRPVXEVWkQFLDVK~PLFDVTXHVHDFXPXODP%KRXFRPy[LGRVGHIHUURHDOXPtQLR%V
$HVSHFL¿FLGDGHGRVSRG]yLVVHGiSHODOL[LYLDomRFRPSOHWDGRVHOHPHQWRVGRKRUL]RQWH(LQFOXLQGR$OH)H(VVHV
HOHPHQWRVVmRSRXFRVRO~YHLVQDVFRQGLo}HVGHVROXomRGRVRORHVXS}HVHTXHDPDWpULDRUJkQLFDGHVHPSHQKHXP
SDSHOFKDYHQRVHXWUDQVSRUWH0(/),HWDO
$GLIHUHQoDHQWUHRDSRUWHGHPDWpULDRUJkQLFDHVXDGHFRPSRVLomRpRSULQFLSDOIDWRUGHDFXPXORGD
PDWpULDRUJkQLFDQRV(VSRGRVVRORV/81'675g0HWDO7UDEDOKRUHDOL]DGRUHFHQWHPHQWHFKHJRXDUHVXO-
WDGRVVXUSUHHQGHQWHVQRVHQWLGRGHTXHRV(VSRGRVVRORVVmRFDSD]HVGHDUPD]HQDUHPPpGLD(NJ&P 
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QRKRUL]RQWHVXSHU¿FLDODFP(NJ&PHPKRUL]RQWHVDUHQRVRVDFPH(NJ&
mHPKRUL]RQWHVHVSyGLFRVSURIXQGRV%KQDViUHDVFRPGUHQDJHPGH¿FLHQWH0217(6HWDO1HVVH
VHQWLGRHVWXGRVYrPVHQGRUHDOL]DGRVSDUDHQWHQGHUPHOKRUDGLQkPLFDHDVFDUDFWHUtVWLFDVItVLFRTXtPLFDVGHVWD
PDWpULDRUJkQLFDDFXPXODGDHPKRUL]RQWHVHVSyGLFRVSURIXQGRV
$GHWHUPLQDomRGDVSURSULHGDGHVySWLFDVGRViFLGRVK~PLFRVDWUDYpVGDFRPELQDomRGDVWpFQLFDV((0H
3$5$)$&FRQVWLWXLVHFRPRSRGHURVDIHUUDPHQWDSDUDDFDUDFWHUL]DomRGHVRORVHVHGLPHQWRVGHYLGRjVHQVLEL-
OLGDGHHVSHFL¿FLGDGHUDSLGH]GDPHGLGDHSUHSDURGDVDPRVWUDVHDLQGDXPDPHOKRUDQDUHVROXomRGRVHVSHFWURV
FRPSDUDGRVDWpFQLFDGH)OXRUHVFrQFLD'LVRODGD6$17Ë1HWDO
1HVWHWUDEDOKRSURFXURXVHH[SORUDURVSDGU}HVGHÀXRUHVFrQFLDGRViFLGRVK~PLFRVH[WUDtGRVGH(V-
SRGRVVRORVGDÀRUHVWD$PD]{QLFDRULXQGRVGHGLIHUHQWHVSURIXQGLGDGHVD¿PGHFRPSUHHQGHUDHYROXomRGHVWHV
SDGU}HVHDLQGDFDUDFWHUL]iORVVREUHVXDRULJHPDSRLDQGRVHHPRXWURVWUDEDOKRVGLVSRQtYHLVQDOLWHUDWXUD
2. Materiais e Métodos
$PRVWUDJHPHH[WUDomRGRViFLGRVK~PLFRV
$VDPRVWUDVIRUDPFROHWDGDVQDEDFLDGR5LR1HJURQDFLGDGHGH6mR*DEULHOGD&DFKRHLUDQRHVWDGRGR
$PD]RQDVµ³6H¶´223HU¿OGRORFDOHVWiDVVRFLDGRFRPDWUDQVIRUPDomRGRVLVWH-
PD/DWRVVROR(VSRGRVVRORHDSUHVHQWDFDUDFWHUtVWLFDVGHVRORDUHQRVRSHU¿OIUDQFRDUHQRVR$YHJHWDomRDFLPD
GRVRORpFRPSRVWDSRUFDPSLQDUDQDÀRUHVWDGDHDSDUWHPLQHUDOyJLFDFRPSRVWDSULQFLSDOPHQWHSHORVPLQHUDLV
TXDUW]RFDXOLQLWDJLEEVLWDDQDWiVLRHUXWLOR$VDPRVWUDVGHVRORIRUDPGHYLGDPHQWHFRGL¿FDGDVHFRQJHODGDVQR
ORFDOSDUDDUPD]HQDPHQWRHWUDQVSRUWHDWpRORFDOGHDQiOLVHVHQGRHQWmROLR¿OL]DGDVHDUPD]HQDGDV
3DUDH[WUDomRGRViFLGRVK~PLFRVXWLOL]RXVHRPpWRGRUHFRPHQGDQGRSHOD6RFLHGDGH,QWHUQDFLRQDOGH
6XEVWkQFLDV+~PLFDV,+662VSHU¿VVHOHFLRQDGRVLQGLFDGRVFRPR3H3IRUDPSUHYLDPHQWHDQDOLVDGRVSRU
)OXRUHVFrQFLD,QGX]LGDSRU/DVHU),/HGHSHQGHQGRGDYDULDomRGRJUDXGHKXPL¿FDomRFRPELQDGRFRPRWHRU
GHFDUERQRRVKRUL]RQWHVSDUDH[WUDomRIRUDPHVFROKLGRV3DUDRSHU¿O3IRUDPHVFROKLGDVDVSURIXQGLGDGHV
FPFPFPFPFPHFP3DUDRSHU¿O3IRUDPHVFROKLGDVDV
SURIXQGLGDGHVFPFPFPFPFPHFP
 
(VSHFWURVFRSLDGHÀXRUHVFrQFLDHPPDWUL]H[FLWDomRHPLVVmR((0H3$5$)$&
$VPHGLo}HVIRUDPUHDOL]DGDVHPXPHVSHFWU{PHWURGHÀXRUHVFrQFLDPRGHOR/6%3HUNLQ(OPHU2V
iFLGRVK~PLFRVIRUDPGLVVROYLGRVHPXPDVROXomRGHELFDUERQDWRGHVyGLR1D+&2PRO/HDMXVWDGRVjXPDFRQFHQWUDomRGHPJ/HS+0,/25,HWDO6HJXLQGRRPpWRGRSURSRVWRSRU/XFLDQLHWDO
SDUDUHGX]LURHIHLWRGH¿OWURLQWHUQRQDVPHGLGDVGH)OXRUHVFrQFLD'IRLXWLOL]DGRRPpWRGRGD'LOXLomR
&RQWURODGD&'$TXHFRQVLVWHHPGLOXLUDVDPRVWUDVSUHSDUDGDVDWpDDEVRUEkQFLDHPQPWRUQDUVHPHQRU
GRTXH3DUDLVVRIRLXWLOL]DGRXP(VSHFWURIRW{PHWUR899LVtYHO6KLPDG]X893&2VHVSHFWURVGHÀX-
RUHVFrQFLDQRPRGRPDWUL]H[FLWDomRHPLVVmR((0IRUDPDGTXLULGRVGHQWURGRLQWHUYDORGHYDUUHGXUD
QPSDUDH[FLWDomRHQPSDUDHPLVVmRQXPWRWDOGHYDUUHGXUDV
2PRGHOR3DUDOOHO)DFWRU$QDO\VLV3$5$)$&GHFRPS}HHVWDWLVWLFDPHQWHRVYHWRUHVWULGLPHQVLRQDLVGH
GDGRVHPFRPSRQHQWHVLQGLYLGXDLVGHÀXRUHVFrQFLD%52$LQWHUVHomRHQWUHDWpFQLFD((0HWUDWDPHQWR
3$5$)$&WHPVLGRFRQVLGHUDGDXPDIHUUDPHQWDSRGHURVDSDUDDFDUDFWHUL]DomRGDPDWpULDRUJkQLFDHYiULRVWUD-
EDOKRVWrPVLGRSXEOLFDGRVQHVVHVHQWLGR6$17Ë11HVWHWUDEDOKRRPRGHOR3$5$)$&IRLXVDGRSDUD
LGHQWL¿FDURQ~PHURGHFRPSRQHQWHVDWUDYpVGRQ~FOHRGHFRQVLVWrQFLDGHGLDJQyVWLFR&25&21',$HTXDQ-
WL¿FDURscoreGHFDGDFRPSRQHQWHTXHpGLUHWDPHQWHSURSRUFLRQDOjFRQFHQWUDomRGHFDGDÀXRUyIRURQDDPRVWUD
3. Resultados e Discussão
$DQiOLVHGHÀXRUHVFrQFLD'FRPVXEVHTXHQWHGHFRPSRVLomRSRU3$5$)$&SHUPLWLXDORFDOL]DomRGH
WUrVFRPSRQHQWHVQDVTXDLVWRGDVDSUHVHQWDUDPSLFRVSULPiULRVHVHFXQGiULRVHVWHVHPSDUrQWHVHV$)LJXUD
HYLGHQFLDDVFRPSRQHQWHVHQFRQWUDGDVHD)LJXUDPRVWUDRVscores dos componentes para cada amostra analisa-
GD2VscoresQmRVmRFRQFHQWUDo}HVUHDLVSRUpPVmRFRQVLGHUDGRVSURSRUFLRQDLVjVFRQFHQWUDo}HVGRVGLIHUHQWHV
FRPSRQHQWHV%52
$FRPSRQHQWHDSUHVHQWRXȜH[ȜHP QP(VWHSDUGHSLFRVMiIRLUHFRQKHFLGRHPGL-
YHUVRVWUDEDOKRV&25<0&.1,*+76$17Ë1HWDOFRPRSLFRV$H&VHQGR
HVWHVSHUWHQFHQWHV DXPDFRPSRQHQWHK~PLFD WHUUHVWUH&RU\H0F.QLJKW  VXJHULUDPTXHRSLFR$ WrP
RULJHPDOyFWRQHHUHIHUHVHDJUXSDPHQWRVTXLQRQDR[LGDGDV'HDFRUGRFRP6HQHVLHWDODLQWHQVLGDGH
GDHPLVVmRGRSLFR&WHPUHODomRGLUHWDFRPDXPHQWRQRQ~PHURGHQ~FOHRVDURPiWLFRVDOWDPHQWHVXEVWLWXtGRV
HVLVWHPDVLQVDWXUDGRVFRQMXJDGRVHPDPRVWUDVGHVROR$WUDYpVGD)LJXUDpSRVVtYHOYHUTXHHVWHSDUGHVLQDLV
DSDUHFHFRPLQWHQVLGDGHUHODWLYDPHQWHVHPHOKDQWHSDUDWRGDVDVDPRVWUDVDXPHQWDQGRHPKRUL]RQWHVPDLVSUR-
IXQGRVRTXHFRQ¿UPDTXHRSURFHVVRGHKXPL¿FDomRRFRUUHHYROXLQGRFRPDSURIXQGLGDGH
$FRPSRQHQWHDSUHVHQWRXȜH[ȜHP QP6LQJKHWDOHQFRQWUD-
UDPHVWDFRPSRQHQWHHDWULEXtUDPQDFRPRPDWHULDOQmRK~PLFRGHFDUDFWHUtVWLFDVOiEHLVHUHVXOWDQWHVGHSURGX-
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omRELROyJLFDHPFROXQDGHiJXD6WHGPRQH%URDWULEXtUDPHVWHFRPSRQHQWHFRPRXPDFRPELQDomRHQWUH
RSLFR1FRPRSLFR7$FUHGLWDVHTXHRSLFR1UHSUHVHQWDRPDWHULDOOiELOSURGX]LGRHPFROXQDVG¶iJXDGHYLGR
D¿WRSODQFWRQV-iR3LFR7WHPSURSULHGDGHVGHÀXRUHVFrQFLDVLPLODUHVjHVWUXWXUDGRDQHOGHLQGROGRWULSWRIDQR
HDVVLPDÀXRUHVFrQFLDGHVWHDPLQRiFLGRWDPEpPWHPVLGRDVVRFLDGDFRPDSURGXomRELROyJLFDHPiJXDVGHVX-
SHUItFLH$VVXPLQGRVHTXHDFRPSRQHQWHHYLGHQFLDFRPSRVWRVUHIHUHQWHVjDWLYLGDGHPLFURELDQDHPDQiOLVHGD
)LJXUDpSRVVtYHOTXHDDWLYLGDGHPLFURELDQDVHMDPDLRUSDUDR3GRTXHDSDUDR3(PJHUDODFRPSRQHQWH
pPDLVLQWHQVDSDUDRVKRUL]RQWHVLQWHUPHGLiULRVVHJXLGRSHORKRUL]RQWHVXSHU¿FLDO$PERVRVSHU¿VDSUHVHQ-
WDUDPXPDTXHGDGHDWLYLGDGHSDUDRKRUL]RQWHPDLVSURIXQGR$FRPSRQHQWHWDPEpPVXJHUHTXHRVKRUL]RQWHV
PLQHUDLV3FPH3FPDSUHVHQWDUDPDPHQRUDWLYLGDGHPLFURELDQDRTXHpHVSHUDGRYLVWRTXH
HVWHKRUL]RQWHWHPSRXFDFDSDFLGDGHGHDFXPXODUPDWpULDRUJkQLFDHSRUWDQWRGHDFXPXODUFRPSRVWRVRULXQGRV
GDGHJUDGDomRPLFURELDQD
)LJXUD&RPSRQHQWHVGHÀXRUHVFrQFLDHQFRQWUDGDVDSyVDSOLFDomRGR3$5$)$&
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